No-tillage is a farming system aiming at minimizing soil disturbance associated with the cultivation of arable crops. This technique, together with the practices of continuous soil cover and of crop rotation, also represents one of the elements of the so called Conservation agriculture, a paradigm of sustainable agriculture that is spreading in many areas of the globe. The aim of the work is to examine the spread of No-tillage in Italy analyzing the modalities of adoption and the factors that can influence it. Modalities of adoption can vary depending on whether No-tillage represents an incremental innovation within the ordinary management of the farm, or a complementary element of an alternative technological paradigm identifiable with Conservation agriculture. Factors influencing the adoption of No-tillage, widely studied in the literature, concern the characteristics of the natural environment, the structural features of the holdings (i.e. size) and also the presence of knowledge spillovers that are largely the result of spatial networks between farmers and other stakeholders. Elaborations have been first of all aimed at distinguishing the two types of modalities of adoption and subsequently at verifying the influence of the factors mentioned above, in particular through the Local Moran Index. In summary, the work describes how the diffusion of No-tillage practices can be partly ascribed to a cost saving-oriented incremental innovation process in the framework of a conventional paradigm of agriculture that mainly pertain to large size holdings. However, there is a significant number of farms where the adoption of Notillage practices demonstrates the decision to try a more comprehensive reorganization of the way of doing agriculture, similar to the paradigm of Conservation agriculture, and in which the cognitive and relational aspects related to the aforementioned networks seem to be very important. Spatial analysis has allowed to depict two models of adaptation to the paradigm of Conservation agriculture: one is mainly concentrated in the rural areas of the centralnorthern Apennines, and another is located mainly in two regions of southern Italy (Puglia and Sicily).
Introduction

Thematic framework and objective
No-tillage (NT) is a farming system aiming at minimizing soil disturbance associated with the cultivation of arable crops that is spreading in many areas of the globe, Italy included.
Compared to the traditional tillage-based way of farming, NT can be considered in general terms as an innovation that, as all innovations, has got both technical as well as organizational components.
1 NT adoption requires specific skills and the use of adequate machineries.
In everyday language NT is often linked to a new vision of agriculture centred on sustainability. This is due to the fact that NT is one of the three main components of Conservation agriculture (CA), 2 a vision of sustainable farming firmly promoted by FAO also in consideration of its ability to conserve the soil resource. In other words, in the frame of CA, NT can be considered one of the complementary practices aiming at conserving soil and preventing its degradation.
Soil is one of the basic resources for all agriculture production and its protection and restoration represents one of the environmental (and climate) objectives of the Common Agricultural Policy (CAP). The CAP objective of sustainable management of natural resources, and more specifically the provision of environmental public goods and the pursuit of climate change mitigation and adaptation, are actually clearly relevant to the soil protection and improvement. The CAP is an important economic driver for farming decisions across the EU and has the potential to advance soil protection in both agriculture through Member States' and land managers' implementation of its measures and associated obligations.
As is well known, CAP measures available in 2014-20 are the result of a series of incremental reforms since the policy was first introduced in 1962, and some measures relevant to soils have been available for decades. For example, EU Rural development policy support for afforestation and environmental land management contracts dates from the 1980s and CAP cross-compliance originated in requirements for good farming practice first introduced in the 1990s.
Conservation of agricultural soils is a major challenge in Italy. Degradation, erosion, loss of fertility, compaction are relevant issues affecting the agricultural as well as the environmental value of this natural resource. For this reason, soil conservation is one of the main priorities of 2014-2020 Rural development in Italy where 15 out of 21 Rural development programmes (RDPs) 3 are currently granting support to farmers to adopt soil-friendly practices such as NT under the scheme of Measure 10, 4 with a provisional budget of 280 million euro targeting 192.000 ha of Utilized Agricultural Area (UAA).
The relevance of soil conservation issues in the Italian context, together with the relevance of the budgetary effort provided by the RDPs for, evidently require a more detailed knowledge about the characteristics of the spread of NT in CA in among farmers in order to provide knowledge for improving RDP's decision-making and implementation processes. NT, actually, can play a major role in the conservation of agricultural soils only if adopted in the wider context of the CA approach and not only as a tillage technique merely alternative to the to traditional tillage-based way of farming. RDPs should be able to seize this latter aspect to ensure the effective achievement of durable environmental results of soil conservation.
The aim of the work is to examine the spread of No-tillage in Italy analyzing the modalities of adoption and the factors that can influence it.
Concerning modalities, as it will be better clarified further in this paper, we should contemplate that NT can be considered both: a) an incremental innovation within the already existing technological paradigm (i.e. the traditional tillage-based way of farming), and b) one of the elements of an alternative farming paradigm based on sustainability (the CA).
In the first case (a) the most relevant issues concern with the adoption and with the process of diffusion of the practice itself. The second case (b) is more complex instead. Together with the issues already mentioned, in this case adoption of NT must relate to problems of adaptation to the context of the entire paradigm of CA, and the solution of these problems requires a wide cooperation among farmers and other stakeholders operating in a certain area.
In this sense, one of the main issues addressed by the work has been to discriminate between the two cases a) and b). This has been done by conveniently processing the data from the last Agricultural Census (2010) .
The other central issue has been to identify the main determinants of the process of spread of NT. In this sense, firstly the main references in the literature have been examined in order to create a suitable conceptual framework. Subsequently, a series of elaborations has been carried out on the Census data with the aim to verify the influence by the identified determinants on the process of spread of NT.
Apart from the soil and climate aspects and from some structural features of the holdings, among the factors considered to explain the spread and the related spatial concentration of the phenomenon of the adoption of NT, a key factor has been represented by the presence of networks of farmers and other stakeholders which play a key role in the phenomena of knowledge spillovers, particularly in those situations where the adoption of NT is an element of a more complex transformation that can be assimilated to the CA paradigm.
No-till as a component of a new farming system: the conservation agriculture
In agriculture a reduction in soil tillage, in many cases, is a choice that does not require particular skills or technical adjustments: if I do a deeper harrowing instead of plowing, 5 I am not doing anything particularly revolutionary in my farm. Maybe this choice is dictated simply by the need to reduce some costs related with soil tillage operations. After changing my soil tillage technique, evidently, I have to check if my choice leads to a decrease in yields and therefore a decrease in revenues, or not. The case would be a bit more complicated if I decide to adopt NT, since for this purpose mechanical and practical adjustments are needed; anyway, even in case I would choose to adopt NT as farming technique, the problem would be not very dissimilar to a case of incremental innovation. On the other hand, it is very different to rethink the way of doing agriculture (or of adopting NT) in terms of sustainability as proposed by CA, because it is necessary to rethink the complex of decisions in terms of "overall" sustainability.
Ultimately it is clear thus that CA and NT cannot be considered the same thing. In most of the references listed in the bibliography there is a clear definition of CA: NT plays a key role in CA systems, but it is also emphasized that NT is just one of the requirements (principles) of CA.
CA complies with the generally accepted ideas of sustainability: both in environmental 6 and socio-economic terms. This latter in particular seems to relevantly affect the adoption process of NT in CA (FAO 2001) . Quite apart the difficulties related to investments for suitable equipment (Guccione and Schifani 2001) , from an economic perspective the issues considered in the literature are those related to the impact on costs and revenues related with the adoption of CA. Obviously any reduction of production costs could represent a significant incentive in direction of adopting CA, as shown in some developing countries (Gupta and Sayre 2007) .
Cost reduction is largely due to oil and energy saving (Guidobono Cavalchini et al. 2013) . FAO (2001) reports economic benefits related also to labour savings and machinery depreciation, and some other authors report CA benefits on investments efficiency and productivity (Marandola and Marongiu 2012) . Labour requirements are generally reduced by about 50%, which allows farmers to save on time, fuel and machinery costs (Saturnino and Landers 2002; Baker et al. 2007; Lindwall and Sonntag 2010; Crabtree, 2010) . Fuel savings in the order of around 65% are in general reported (Sorrenson and Montoya 1984; 1991) .
On the other hand, effects of CA adoption on yields seem to be limited (Van den Putte et al. 2010) . The yield levels of CA systems seem to be comparable with (and, under certain conditions, even higher) than those under conventional intensive tillage systems, which means that CA should not lead to yield penalties.
CA systems, comprising no or minimum mechanical soil disturbance, organic mulch soil cover, and crop species diversification, in conjunction with other good practices of crop and production management, are practiced globally on about 157 M ha, corresponding to about 11% of field cropland, in all continents and most land-based agricultural ecologies, including in the various temperate environments. This change constitutes a difference of some 47% globally since 2008/09 when the spread was recorded as 106 M ha. The current total of 157 M ha represents an increase in adoption of CA by more countries but the estimate is on the conservative side as the updated database does not capture all the CA cropland (Kassam et al. 2015) . In the last years CA has consistently expanded, particularly in North and South America as well as in Australia and New Zealand, so CA cannot be considered a temporary fashion (Derpsch and Friedrich 2009 ). Europe and Africa are the developing continents in terms of CA adoption and uptake. However, because of the good and long lasting research in these continents, showing positive results for CA systems, plus increasing attention being paid to CA systems by governments, European Commission, NGOs, the private sector, international organizations and donors, CA has experienced significant rates of adoption in recent years. For example, CA area in Europe of 2.04 M ha estimated in 2013 is greater by some 30% than the 1.56 M ha that was estimated in 2008/09 (Kassam et al. 2015) .
However in several areas of the world the choice of adopting NT under the "full principles" of CA is not definitive, so the soils are often in a transitional phase, and the benefits of the new farming paradigm proposed by CA cannot be completely obtained (Derpsch 2008) . Among the main barriers to the adoption of CA practices, actually, there are knowledge on how to do it (know how) and mindset (tradition, prejudice) 7 (FAO 2008; Friedrich et al. 2009 ).
Several authors have explored the role of social mechanisms in the generation of the specific knowledge connected to CA and in its spread. Change in tillage and cropping practices requires cooperation between farm and non-farm knowledge (Coughenour and Chamala 2000) , and the spread of CA is often the result of specific social networks (Coughenour 2003) . The adoption of soil conservation practices requires a growth of social capital (Cramb 2005) . Actors promoting CA, often in projects in developing countries, must take into account the specific perception of farmers (Nyanga et al. 2011 ) and the gap existing between farm and non-farm culture (Moore et al. 2014) . The role of social networks seems significant in the above mentioned "transition" (D'souza and Mishra 2016) to the full membership to CA.
Last but not least, literature emphasizes the importance of (social and environmental) context specificities (Andersson and D'Souza 2014) , and the difficulties to find general determinants (education, profitability, etc.) to explain the adoption of CA (Knowler and Bradshaw 2007) . However cooperation among farmers and other actors plays a key role to promote the necessary mind-set and to adapt CA principles to specific environments.
The conceptual framework: the spread of NT as innovation according to a socio-economic approach Hypothesis suggested by the socio-economic literature
To describe the spread of NT, almost four paths of socio-economic literature can be involved.
i. The first is the one on diffusion of innovations, starting with the work of Rogers (1962) . As well-known his theory -developed really with respect to agricultural innovations in rural context -connects diffusion to the communication process among individuals involved, who have different propensity to adopt. Rogers considers five adopter categories (innovators, early adopters, early majority, late majority, laggards), identifies several social variables related with innovators (among which farm-size), and recognizes the main characteristics of innovations influencing their adoption (relative advantage, compatibility, complexity, trial ability, observability of results). His theory has been widely used in the agricultural extension services, but has been broadly criticized mainly for considering innovation as always appropriate, regardless end-users (and context's) needs. ii. The second one is the literature on adoption of crop varieties within the framework of households models (e.g. de Janvry et al. 1991) , that considers many factors affecting adoption process (see e.g. Awotide et al., 2016 , Simtowe et al. 2016 . Letaa et al. (2015) recently summarized these factors: individual and household features (age, gender, education, etc.) , farm characteristics (soil fertility, size -that can help to overcome the costs of trial, specialization, etc.), location and contextual factors (social networks, etc.). iii. The location factor brings us to the third large body of literature concerning spatial location patterns of economic activities. It is well known that differences of spatial location can be ascribed to three broad classes of factors (Hoover 1937) : differences in natural resources endowment (e.g. soil and climate, etc.), market access, and spatial agglomeration externalities (Ievoli et al. 2017) . The latter are usually related to: economies of scale (in our case, again, farm size), location economies ("within" sector, that mainly concern skilled workers, specialized services as contractors, and information spill-over), and "between-sectors" externalities, mostly (again) knowledge spillovers (see Duranton and Puga 2001) . iv. The last path can be defined as the evolution of innovation approach in agriculture and rural development. This process has benefited from the more general theoretical developments concerning the role of technical change in economic theory, which stresses, by the way, the endogenous character of innovation that is generated in departments of R&D of large companies, but also in much wider processes of learning: by doing, by using and by interacting (Lundvall 1995) . In this framework -overcoming the "historical" distinction between discovery push and demand pull -it is customary to distinguish between the "global" directions of technical change and the technical advances as possible within a single direction. In a nutshell, in this framework it is clearly assumed the distinction between "technological paradigms" (Dosi 1982 ) and the processes of "incremental innovation". The context of selection of paradigms goes beyond markets and includes several connected institutions, that, as a whole, represent the "innovation system" (on all these issues see Dosi et al. 1988 ). This way of thinking it is spread in the society and in the policies as testified by the diffusion of expressions like: interactive approach, systemic approach, multi-actor approach, user-centric approach, participatory approach, co-create knowledge approach, etc., also in agricultural context. Just think to innovation in European agricultural policy, and the role assigned to "Agricultural Knowledge and Information Systems", concisely AKIS (EU SCAR 2012). However, to recognize the need of a systemic approach does not imply that the existing AKIS and, more in general, the innovation systems of the various agricultures are really operating in a systemic way, that their actions are coherent with the effective farming problems, and with the needs of rural areas as a whole (see e.g. Van der Ploeg 2003) . This has called for a process of rethinking of innovation in agriculture and rural areas (Knickel et al. 2009 ), driven by a sustainability perspective rather than a "modernization paradigm", genuinely systemic, with redefined public and private goals, capable to consider farmers' novelties and to interact (trough hybrid networks) with local tacit knowledge. The latter is an important element to consider in the interpretation of geographical concentration of innovation.
The conceptual framework
To interpret the spread of NT, we assume that the effective adoption of this innovation implies profitability for the holdings. In other words, the presence of the method in a farm located in a certain area implies that in that farm (and context) the profit associated with adoption of NT is positive. If we observe the presence of NT in a certain farm, the next step is to interpret the choice of NT considering the several factors above considered.
Obviously in our case natural resources play a relevant role, in particular soil and climate. NT is often associated with critical issues concerning soil (erosion, desertification), and these problems affect more areas than other (in Italy they depend to a large extend by latitude).
The adoption of NT can take place in a "conventional" paradigm within which it represents an incremental innovation. Considering that the method is mainly cost-saving it is realistic to assume that size can be the main factor involved, (maybe organizational form and age too). It is also realistic postulate that within this framework the choice of the NT will not necessary concern the entire farm's UAA.
The choice of NT can be an element of a novelty developed by farmers within an alternative paradigm (CA). In this case adaptation processes to context are very relevant. In a sustainable perspective crop rotations are complementary to NT. To adopt CA, it is necessary to redefine the entire type of farming most probably considering the entire UAA. The size and the presence of specialized services (contractors) can influence the realization of such "global conversion". It could also be relevant the presence of knowledge spillovers, proven by the existence of networks of farmers and other stakeholders.
The last determinant of adoption to consider concerns the presence of political support connected with Common Agricultural Policy that can influence the adoption of NT.
In the current 2014-2020 phase, as mentioned above, there are some payments under the scheme of Measure 10 that support farmers to adopt soil conservation behaviors. However, our data in refer to a period that precedes the current new programming cycle, so that such influence cannot be assumed.
Data sources and methods
Data sources and elementary data
On the basis of the conceptual framework it is clear that the elements on which it has been intended to investigate through the empirical survey are: the localization of the NT phenomenon, the size of the holding and the age of the farmer, production specialization, the presence of local networks.
The Agricultural Census (2010) 8 collected useful information concerning the adoption of NT in agricultural holdings and concerning the abovementioned elements. More specifically the work has been based on the elementary data provided by the Census for the 52.218 agricultural holdings (population "P-NT" from now on) declaring a Arable Utilized Agricultural Area (A-UAA) under NT greater than zero hectares; thus, 52.218 agricultural holdings declaring to have at least a part of the arable land under NT farming schemes.
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A series of elaborations have been subsequently carried out on this P-NT population to a) distinguish the two adoption models (incremental and paradigmatic) and, at the same time, to b) consider the above mentioned elements (size, type of farming, networks). As will be described further in the paper, some of these elaborations have been based on a heuristic filtering procedure and a part on statistical procedures, both descriptive and inferential (Local Moran's). The heuristic filtering procedure has been carried out to discriminate among the cases of adoption of NT as incremental innovation or as membership to the CA, and to discriminate the influence of the legal system of the holdings. Here we describe first P-NT population.
Within the whole collective of P-NT, the ratio between the amount of A-UAA under NT schemes and the total A-UAA surveyed by Census is 46,0% and shows variability at regional and local scale. Figure 1 reports the distribution of this ratio at Italian level basing on the 8.092 municipalities [Local Administrative Units (LAU) 2] into which Italy was subdivided at Census date.
There are many municipalities with (at least) a part of the surveyed A-UAA under NT farming schemes (5.171 out of 8.092 municipalities, corresponding to 63,9%). The majority of them is anyway concentred in the last quintile (80-100%). This means that where practiced, NT techniques tend to be adopted by P-NT holdings on a significant part of the held A-UAA. The average size of the arable land (A-UAA) in P-NT holdings adopting NT on the 100% of the surveyed A-UAA is greater than the farm average A-UAA reported by Census in Italy for the 1,62 million surveyed agricultural holdings ("P-TOT" from now on).
The 52.218 agricultural holdings declaring to have at least a part of the total arable land under NT farming schemes (P-NT population) account for the 3% of P-TOT and for the 6% of the total UAA surveyed in Italy. These farms adopt NT practices at least on a certain amount of their A-UAA, but no more information is made available by this data on the typology and features of the CA principles they implement beyond the sole NT practice.
P-NT holdings, anyway, have special characteristics as compared with P-TOT. In this population, for instance, the amount of holdings having a legal system of "individual firm" is significantly lower than the one observed in P-TOT (92% vs. 96%). This gap is compensated by a higher amount of companies, especially the typology of "individual companies", who represent the 6% in P-NT versus the 2,5% in P-TOT. Other more complex typologies of companies ("limited companies", "cooperatives" etc.) are also more abundant in P-NT (1,6%) compared with P-TOT (1%).
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The most important characteristic of P-NT compared with P-TOT is anyway the size expressed in UAA. The average size of P-NT is actually 15,1 ha, almost twice compared with the size of P-TOT (7,9 Ha).
Farmer's age does not seem to be a significant characteristic of P-NT holdings. Holders younger than 40 (as stated by CAP regulations for the definition of "young farmer") represent 11,1% of total P-NT holders (a little bit more than the 9,9% in P-TOT). We must observe, anyway, that farmers under the age of 54 represent the 41% of P-NT (vs.38% observed in P-TOT).
Methods: filtering procedures and spatial distribution of NT holdings
In order to identify and describe the spread of NT in Italy under the full principles of the CA farming paradigm, a sequence of filtering operations has been implemented on the elementary data made available by the Census for P-NT recalling the basic principles adopted by FAO for CA data collection and definition.
Census does not provide data on organic soil cover and crop rotations/associations linked to the adoption of NT practices, but only info on the adopted soil tillage practices (that is the most important pillar, but not the sole, of CA). In this frame, filtering operations were implemented on Census data in order to exclude from the initial P-NT all the farms adopting NT practice as an occasional choice (in a conventionally managed farming system) instead of a permanent practice within a permanent CA regime. A synthesis and description of the filtering operation performed on Census data is reported in Table 1 .
The filtering procedure returned two interesting statistical collectives of NT farms supposed to be characterized by different degrees of engagement with CA principles. These are the P-NT100% (21.033 holdings) and the P-CA (5.328 holdings). P-NT100% represents the family of agricultural holdings practising NT on the 100% of the A-UAA (but we have no indications on how and why they do so); P-CA represents a (very) restricted collective of holdings that, in consideration of the combination variables described above, we assume to be more probably practicing NT under "real" CA schemes in Italy. The average size has been calculated for these two groups at regional level. We filtered P-NT (52.218 agricultural holdings) keeping the agricultural holdings only declaring NT as tillage practice and excluding the ones declaring also MT and CT on a certain share of the A-UAA. After applying this first filter, the total population of holding decreased to 27.338 ("P-NT ONLY").
It is reasonably possible that farmers practicing NT, but also other soil tillage techniques in their holdings, are not operating under CA principles, but simply adopting NT as an occasional practice on a share of the A-UAA.
Filter 2: excluding from P-NT the holdings with NT A-UAA < 100% of the total A-UAA.
Many of P-NT ONLY holdings have a total A-UAA greater than the area under NT. Thus, we filtered P-NT ONLY excluding those holdings for which total A-UAA resulted > of the A-UAA declared under NT. After this second filter, we obtained a total of 21.033 holdings ("P-NT100%").
It is reasonably possible that holdings practicing NT only on a share of the total A-UAA are not fully operating under CA principles, but simply adopting NT as an occasional practice. Filter 4: excluding from P-NT the holdings with A-UAA cultivated for forage/hay production.
We filtered P-NT100%NoC-V population excluding holdings cultivating exclusively hay/forage (even if in rotation with other crops) on the 100% of the declared A-UAA and keeping all the other holdings with the ratio hay-forage A-UAA/total A-UAA < 1). This last filter was very restrictive since the final number of holdings is composed by 5.328 remaining agricultural holdings ("P-CA"). After all these filtering operations, we assume that this P-CA population of agricultural holdings could represent the population of farms practicing in Italy NT under the real principles of CA.
Production of forage is quite common in Italy, especially in more marginal areas. Cultivation of hay normally do not require any specific or heavy preliminary soil tillage operations. For this reason, it is reasonably possible that holdings declaring to hold A-UAA for the production of forage/hay in rotation with other arable crops tend to adopt NT as an occasional practice more than as a part of a consolidated CA system.
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The distribution at level of municipality of the holdings belonging to P-NT100% and P-CA is provided in Fig. 2 . P-NT100% is the population of NT holdings (n. 21.033) deriving from filtering operation n. 2; P-CA is the most restricted collective of NT holdings (n. 5.328) deriving from filtering operation n. 4. As it could be expected, at national scale, the number of municipalities with no holdings practicing NT according the characteristics of the two groups is quite high: 4.109 for P-NT100% and 5.934 for P-CA, respectively the 50,1% and 73,3% of the total number of Italy's municipalities.
The geographic distribution of the holdings practicing NT is different in the two groups: while municipalities with the higher number of P-NT100% holdings tend to be situated in central and northern regions of Italy 11 (a), P-CA holdings tend to gather more densely in southern municipalities of Sicily and Apulia, with the sole exception of eastern Emilia Romagna (b). The spatial distribution of NT agricultural holdings is a central issue for the purpose of this paper, since it allows to identify possible phenomena of networking among NT holdings. These phenomena can be somehow described by how NT holdings tend to cluster within the municipalities.
The existence of significant clusters of similarly-behaving municipalities (i.e. clusters of municipalities with similar number of holdings practising NT techniques) can be obtained by means of some spatial statistics tools as the one that rely on the well-known concept of global and local spatial autocorrelation. The notion of spatial (auto)correlation implies that, given the spatially indexed observations x 1 , x 2 , … , x i , … , x n , the values observed at the i-th data site (the i-th administrative unit, in our case) are related to the values observed at neighboring locations: we refer to positive spatial autocorrelation when similar values of x i occur in its neighborhood, N i . On the contrary, negative spatial autocorrelation indicates that neighboring values of x i are dissimilar. Fig. 2 Distribution of NT holdings at LAU2 scale: a P-NT100% holdings; b P-CA holdings. In this figure, the distribution at level of municipality of the holdings belonging to P-NT100% and P-CA is provided. P-NT100% (Fig. 2a) represents the family of agricultural holdings practising NT on the 100% of the A-UAA (21.033 holdings in total); P-CA (Fig. 2b) represents a restricted (5.328 holdings) collective of holdings that has been extracted from the former one, following the assumptions explained in Par. 2.3, letters a) to d): we assume that this restricted group is more likely to be practicing NT under "real" CA schemes A global measure of autocorrelation gives a unique value summarizing spatial association with respect to the whole region under study.
The most used index of autocorrelation is the well-known (global) Moran's I where z i ¼ x i −x, and w ij is a measure of the spatial contiguity between spatial units i and j:
The choice of the spatial weights w ij is itself a challenging task, and lots of proposals have been made in literature. Anyway, the simplest and even the most followed solution is that of imposing a first order dichotomous contiguity: w ij = 1 if zones i and j share a part of common boundary, w ij = 0 otherwise. This has been our choice, too: the weights have been stored into a 8078 × 8078 square matrix W, a bit less than the number of municipalities according to the Census (14 municipalities have no common boundaries, i.e. extraterritorial municipalities or small islands).
In brief, Moran's I is a regression coefficient, calculated between the original variable, z i , and the spatially lagged variable P n j¼1 w ij z j . It is greater than 0 if there is positive spatial correlation between the two variables (it is the case in which z i 's tend to assume similar values in contiguous zones); it is negative in the opposite case -the z i 's and its neighbors tend to assume opposite values with respect to the global mean.
The results of Moran's I derivation, 12 for the variable under study (i.e. the number of agricultural holdings per municipality) in P-NT100% and P-CA groups, are reported in Table 2 13 :
The class of Local Indicators of Spatial Associations (LISA) is the natural extension of spatial autocorrelation analysis: they give, for each point in space, an indication of significant spatial clustering of similar or dissimilar values around the point. A major feature of a LISA is its capability of detecting this clustering process and show us the location of both kinds of departure from no autocorrelation. Local Moran's I (LM) (Anselin 1995) is one of the best-known LISA: it is a decomposition of the global Moran I into its individual components, and calculates a Moran's I with respect to each of the local networks formed by a zone and its neighbors:
The meaning of the LM index is the same as global I, but at a local level: in this way, knowing that the mean of all the LM is equal to the global I, we are able to interpret the individual I i 's as indicators of significant local spatial clusters. Also in this case, inference is carried out through conditional randomization: the value z i is kept constant, while all other neighboring values are randomly permuted. The typical presentation of the results considers two maps: a) the significance map, a map presenting, for each zone, the inferential procedure result in terms of "pseudo" p-values; and b) the LM cluster map, another map presenting the result of the comparison, at local level and only for the zones giving a significant p-value (usually, pseudo p < 0.05), between the values z i and P n j¼1 w ij z j With the LM cluster map we can have four different combinations of High (H) and Low (L) values that allow to easily understand the kind of local clustering around zone i ( Table 3 ).
The combinations H-H and L-L give positive contribution to global I: when statistically significant, this means that we are in the presence of values (respectively) higher (H-H) or lower (L-L) than global mean, both for the observed variable and the linear combination of its neighboring zones.
In this paper we have been principally interested in H-H cases since they represent hot spots of municipalities with a high number of P-CA holdings that we assume to gather in such places because they are somehow cooperating to develop together CA farming practices.
Results and discussion
P-NT100% counts for the 40.2% of P-NT holdings (n. 52.218). In comparison with P-NT, in P-NT100% "Individual companies" count for a smaller amount (2.7% vs. 6%). The amount of "more complex typologies of companies" (1.41% vs. 1.6%) and "individual firms" (94.6% vs. 92%) instead do not show relevant differences.
Average UAA is 6.8 ha in P-NT100% and results actually lower than the average UAA of P-TOT (7.9 ha). The lower average of UAA hold by farmers is confirmed also in the very restricted population of P-CA holdings (7.6 ha). This evidence raised the need to check any significant difference of this phenomenon at regional scale giving priority to regions where more positive spatial autocorrelation between P-NT100% holdings have been found (Fig. 3a) .
As shown in Fig. 3a , Emilia Romagna, Umbria, Tuscany and Marche Region are the areas where P-NT100% holdings tend to have higher values of LM. They keep on showing anyway an average UAA significantly lower than the one hold by P-TOT.
P-CA holdings with higher values of LM, on the contrary, are mainly concentred in Apulia and Sicily (Fig. 3b) . The size of these latter holdings is higher than the average UAA in P-TOT: + 7.5 ha on the average UAA in Apulia and + 5.2 ha for the same entry in Sicily (Table 4 ). The average UAA is lower in P-CA holdings of Emilia Romagna in comparison with P-TOT (− 6 ha).
The existence of "High-High" clusters in the three regions cited above (Fig. 3c) suggests the presence of farmers' networks interested or motivated in cooperating to adopt NT, in accordance with local tacit knowledge, under the whole principles of CA. These clusters also aggregate the majority of the municipalities interested by spatial Table 3 Possible combinations determining the sign of LM index, I i P n j¼1 w ij z j >0 P n j¼1 w ij z j <0 z i > 0 High-High (I i > 0) High-Low (I i < 0) Lastly we must observe that for both families of NT holdings (P-NT100% and P-CA) the amount of young farmers is low.
Ultimately, we can argue that there is a number of cues that characterize each one of the three groups of NT holdings (P-NT, P-NT100% and P-CA), giving special features to each one of them: geographical distribution, size in UAA, typology of the legal system, productive specialization, spatial autocorrelation. Fig. 3 Number of agricultural holdings per municipality: a LISA significance map for P-NT100%; b LISA significance map for P-CA group; (c) LISA cluster map for P-CA. Figure 3a and b show the Local Moran's I i (pseudo) p-values at municipality level for, respectively, P-NT100% and P-CA holdings. Lower values mean more significantly different from zero values for the LM, that is, a significant departure from the null hypothesis of no autocorrelation; usually, a p-value less than 0.05 is considered as identifying a local cluster. Figure 3c is the LM cluster map for the most interesting group of P-CA holdings: the blue spots (H-H combinations) indicate that there are groups of (geographically contiguous) municipalities in which the number of P-CA holding is significantly higher than the mean; the presence of such clusters suggests the presence of informal farmers' networks interested or motivated in cooperating to adopt NT under the whole principles of CA In P-NT seems to be particularly relevant the overall average size of the holdings (UAA) compared with P-TOT (Table 4 ). The average size of P-NT is actually 15.1 ha, more than twice compared with the size of P-TOT (7.9 ha). This represents an additional indication of how important (or binding) is, in general, the dimensional scale factor in the adoption of NT practices. Also in consideration of the geographical distribution of P-NT holdings on the national territory, we can state that the main characteristics of this group result influenced by the features of big-sized farms (not necessarily extensive farms) who sporadically, and in a limited manner, adopt NT practices. P-NT is a very heterogeneous collective of holdings.
The more pronounced organization of P-NT holdings under "company" schemes, anyway, could represent a first indication of how P-NT farms need to look for more efficient organizational layouts to tackle the modernization needs, especially on the mechanization side (and thus, require to shift from CT to NT).
In P-NT100%, but also in P-CA, overall average size (UAA) is not different from the average farm UAA in P-TOT. Geographical distribution changes instead and, in consideration of the results of filtering operation n.4, we assume that the characteristics of the P-NT100% group are relevantly influenced by hay/forage production-oriented farms. P-NT100% is evidently characterized by extensive farming systems mainly devoted to animal husbandry. It represents somehow an "Italian way" of adopting CA principles, adapting them to the cultural and farming tradition (local tacit knowledge) of Italy's Apennine areas. A conservation farming system where the other two CA principles beyond NT (soil cover and crop rotation) seem to be not so relevant as soil minimum disturbance evidently is. Linkages with the territory seem to be important for this kind of CA system and the existence of strong spatial autocorrelation suggests the ongoing creation of networks among NT farmers and other stakeholders (advisors, contractors and research centres). P-CA group was hidden by P-NT100% and came out after the last filtering step. Farm size (UAA) becomes again an important factor for these holdings, at least in two of the regions where P-CA holdings with higher values of LM have been found, confirming hypothesis concerning the importance of the dimensional scale factor in the adoption of NT practices. This is confirmed in Apulia and in Sicily, two southern regions of Italy with relevant soil degradation problems, where the average UAA of P-CA holdings results higher than average UAA of P-TOT (respectively + 7.5 ha in Apulia and + 5.2 ha in Sicily). This is not confirmed in P-CA holding of Emilia Romagna where high values of spatial autocorrelation have been also found. This evidence seems to provide the economic justification to the shift from conventional soil tillage-based farming to NT practices and stable CA schemes of farming. It is supposed actually that bigger farms are the ones who can better face investments and risks related to the conversion and even get from it more advantages in terms of economic benefits than smaller farms can do. The reduction of the average UAA that remains evident in P-CA holdings of Emilia Romagna in comparison with P-TOT (− 6 ha) suggests anyway the existence of other possible criteria for the aggregation of P-CA holdings in this region and rises the need to go more in depth with qualitative comparative surveys with Sicily and Apulia to gather further elements of knowledge on clustering processes. For P-CA holdings clustering in Sicily and Apulia, the features of the landscape and of the farm productive processes traditionally require soil tillage operations. In this sense the adoption of NT practices in P-CA holdings in Apulia and Sicily could be interpreted as a deliberated choice/attempt of operating under the CA principles. Especially for holdings clustering in Sicily and Apulia, this process is argued to be facilitated by social networks of farmers as suggested by Local Moran's Index values, but on this latter aspect more qualitative investigation would be needed.
Conclusions
The diffusion of NT can be in part predominantly assimilated (this is worth for about the 50% of agricultural holdings practicing NT) to a process of incremental innovation as part of a cost-reduction strategy, in the framework of a conventional tillage farming paradigm. This is a model in which the dimensional factor assumes significant importance and where NT represents a process that can be activated in parallel with the other production processes, on a more or less consistent area of the holding. In this case the adoption of NT is not necessarily ascribable to discourses of sustainability and is not necessarily evidence of a shift toward CA farming systems.
In part, however, the adoption of NT seems to suggest the will and/or the necessity of a part of the holdings that practice it to proceed to a more comprehensive reorganization of the way of doing agriculture, to adhere to a new paradigm, that it can be likened to the CA, with all the implications, even economic, that this entails.
More precisely, filtering the whole group of P-NT holdings, we found two prototypes of NT holdings (P-NT100% and P-CA) that could be considered more close to the paradigm of CA and represent a real shift toward it. For both models, context characteristics (at landscape and farm level) seem to be relevant. Soil degradation processes and vulnerability to drought in Apulia and Sicily could confirm this hypothesis.
P-NT100% is a collective of holdings strongly influenced by the typical characteristics of the farms located in central Italy. It actually recalls a farm model typical of mid-Apennine rural areas. At the roots of this model we can find economic (mainly cost savings) as well as environmental motivations (especially reduction of soil and water losses) with relevant economic implication in the long-term. The geographical characteristics of the farm model proposed by P-NT100% suggest that eventual know-how and economic/technical barriers due to limited farm sizes (first of all the purchase of dedicated technologies) have been overtaken, probably with the support of external factors such as contracting (on which more investigation would be needed). The existence of spatial clusters of P-NT100% holdings suggests that the spread of this farming model has been facilitated by the growth of networks among farmers and also other stakeholders within the landscape of extensive animal husbandry typical of Apennine areas (i.e. the Mid-Apennine White steer value chain); these networks probably helped to effectively adapt the technique to the different contexts also capitalizing the local tacit knowledge. This latter, actually, is reported by literature as an important element to consider in the interpretation of geographical concentration of innovation.
P-CA farm model seems also to be very contextualized, but the characteristics of the productive processes of P-CA holdings and their distribution at landscape scale suggest that the adoption of NT practices represents for these farms somehow a strong choice in alternative with the conventional farming practices and with what the majority of farms use to in agriculture. This (strong) choice seems to be mainly influenced by economic dimension (i.e. farm size) in two (Apulia and Sicily) out of the three spatial contexts where spatial autocorrelation of P-CA holdings is found. This factor do not seem to characterize the third spatial context (Emilia Romagna) and this evidence maybe recalls also for this context the relevance of the theme of contracting services. The existence of clusters of P-CA holdings suggests the existence of (formal and in-formal) networks devoted to adapt CA practices to the local contexts and to share information and know-how among farmers interacting with the local tacit knowledge. Localization and size induce to argue that economic factors are relevant for P-CA holdings too.
In the considered collectives of holdings, the presence of young farmers does not differ substantially from the average. In this sense it seems possible to hypothesize that this factor does not significantly influence the adoption of NT in a CA logic, even if further evidence is needed to corroborate this hypothesis. Apart from this aspect, it can be concluded that the choice of adopting NT within the new CA paradigm is significantly influenced by the factors considered in the conceptual framework, in particular the characteristics of the soil resource, the size and, above all, the construction of networks of farmers and other subjects.
This evidence rises the need to design diversified policy approaches for the different geographical contexts to support the spread of NT and of farmers' networks. These diversified approaches of policy should take into account economic/competitiveness aspects going beyond the sole environmental benefits of CA as nowadays acknowledged by the Second pillar of the Common agricultural policy.
14 In the same way, support granted to farmers to shift from conventional to conservation agriculture provided in Italy by agri-environmental-climate compensation payments (Measure 10 of RDPs), to be more effective, should be completed by (or built upon) the support of other RDP measures such as the ones promoting information and training (Measure 1), advise to farmers (Measure 2) and supporting cooperation for innovation (Measure 16). The latter, in particular, seems to be the most suitable and promising in this perspective since it aims at facilitating the spread of innovation in agriculture by promoting hybrid networks and all the related knowledge spillovers as theorized by the EU European innovation partnership for agricultural productivity and Sustainability (EIP-AGRI).
The identification of clusters of NT holdings, as presented here in this paper, provides spatial indications that evidently require further in depth qualitative investigation (focus groups, brainstorming, interviews with farmers) in order to demonstrate the existence of the hypothesized networks and to identify the main driving forces of their aggregation processes. This investigation would contribute to fill the evident knowledge gap of the Census in relation with NT and CA and to better orientate at regional scale the policy-making process related to the spread of soil-friendly farming practices.
Endnotes
1 There is no unique definition of innovation, despite many attempts have been made to reach it (see e.g. Baregheh et al. 2009 ).Definition of innovation is actually heavily dependent on the cultural context in which it is formulated. Anyway, innovation concerns with making changes in something established, especially by introducing new methods, ideas, or products (see Cambridge dictionary). In general terms, innovation is quite synonymous of technical change, even if the sense of this expression seems to be focused a little bit more on organizational change than other aspects.
2 According to FAO (2014) Conservation Agriculture is an approach to managing agro-ecosystems for improved and sustained productivity. It is based on three key principles, namely: a) Continuous minimal mechanical soil disturbance (i.e. No-tillage (NT) / Minimum Tillage (MT) /Strip Tillage (ST) techniques), b) Permanent soil organic cover (i.e. crop residues and cover crops), c) crop rotation / combination / diversification on the field. 3 EU Rural development policy forms Pillar 2 of the CAP. All Member States must prepare, implement and monitor a seven-year Rural development programme (RDP) at national and/or regional level. There are 118 RDPs in total for the period 2014-2020 across the EU. In contrast to Pillar 1 of the CAP, which is wholly financed by the EAGF, RDPs are partly funded by the EAFRD and co-financed by the Member State's national and/or regional authorities. 4 Measure 10 (Agri-environment-climate payments to farmers) it's the only compulsory measure that must be made available throughout the Member State's or region's territory, in accordance with national, regional or local specific needs and priorities. It offers farmers and other land managers multi-annual contracts for agricultural practices that make a positive contribution to the environment and climate. The baseline above which payments are calculated includes CAP cross-compliance requirements. The Agri-environment-climate payment measure is of particular importance because it allows Member States to support implementation of appropriate soil management requirements through multi-annual contracts with individual farmers. 5 A harrow is an implement for breaking up and smoothing out the surface of the soil. In this way it is distinct in its effect from the plow, which is used for deeper tillage. The purpose of harrowing is generally to break up clods (lumps of soil) and to provide a finer finish, a good tilth or soil structure that is suitable for seedbed use. 6 Ecological effects of CA are mainly considered in terms of soil organic carbon (Chivenge et al. 2007 ) and in terms of carbon sequestration (Govaerts et al. 2009 ). NT in CA systems helps to sequester carbon in soil at a rate ranging from about 0.2 to 1.0 t/ha/year depending on the agro-ecological location and management practices (Corsi et al. 2012) . Other important ecosystem services provided by CA are soil and water conservation (Palm et al. 2014) . Water quality is improved due to reduced contamination levels from agrochemicals and soil erosion (Laurent et al. 2011) . Complemented by other known good practices, including the use of quality seeds, and integrated pest, nutrient, weed and water management, CA is a base for sustainable agricultural production intensification. Ground water resources are replenished through better water infiltration and reduced surface runoff . 7 Other barriers are: inadequate policies, for example, commodity based subsidies (EU, US) and direct farm payments (EU), unavailability of appropriate equipment and machines (many countries of the world), and of suitable herbicides to facilitate weed and vegetation management (especially for large scale farms in developing countries). 8 The General Census of Agriculture is performed every ten years by the Italian National Institute of Statistics (ISTAT). It provides a wealth of detailed information on the structure of Italian agricultural and livestock holdings, broken down to municipal level. The period of data for the last Census of Agriculture (the 6th in Italy) is 24 October 2010. Data have been released by ISTAT in 2012. 9 Elementary data have been provided by the Policy and Bioeconomy Centre of CREA that cooperates with Italian National Institute of Statistics (ISTAT). 10 The differences described above are even more evident if we consider the UAA. In P-NT the UAA held by "individual firms" is 69%. For the same entry, P-TOT accounts for 76%. On the contrary, the amount of UAA held by "individual companies" and "other more complex typologies of companies" reaches in P-NT respectively 20,5% and 9% (vs. 9,5% and 3% respectively accounted for P-TOT). 11 A particular concentration has been found in Marche, Umbria, Toscana and the eastern part of Emilia Romagna. 12 Our processing tools have been two free source software: R (https://www.r-project.
org) and GeoDa® (http://geodacenter.github.io). 13 We report, in the last column, the pseudo p-values obtained through the randomization procedure, in particular 9999 random permutations of the observed values to test their possible departure from randomness. As it can be observed, there is an evident positive spatial autocorrelation at global level in both groups of NT holdings, but at this point it is important to stress that a significant global Moran statistic may hide large spatial patches of no autocorrelation and/or even clusters of negative autocorrelation, particularly in cases like our, with so many spatial units. 14 In this sense, some recent limitations to the use of plant protection products (i.e. herbicides) would also need to be rethought not only in the light of making CA more environmentally sustainable, but also for making it more economically attractive and effective for farmers. The most restricted collective of NT holdings (n. 5.328) deriving from filtering operation n. 4. In consideration of the combination a series of variables, it is assumed that P-CA holdings are the ones that are more probably practicing NT under "real" CA schemes in Italy; P-NT ONLY: Population of NT holdings (n. 27.338) deriving from filtering operation n. 1 performed on P-NT; P-NT: The wider collective of NT holdings (n. 52.218) deriving directly from Census. It's made of holdings declaring to have a A-UAA under NT greater than zero hectares. It represents the population of holdings on which all the subsequent filtering operations have been performed; P-NT100%: Population of NT holdings (n. 21.033) deriving from filtering operation n. 2 performed on P-NT ONLY; P-NT100%NoC-V: Population of NT holdings (n. 19.498) deriving from filtering operation n. 3 performed on P-NT100%; P-TOT: The total population of holdings (1,62 million) surveyed by the Agricultural Census in 2010; RDP: Rural Development Programme(s); ST: Strip tillage; UAA: Utilized agricultural area expressed in hectares (ha). It represents the overall land cultivated by the agricultural holdings for every kind of cultivation (annual and perennial crops)
